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Curing and drying <^urface -^gating systems and printing inks 

The present invention relates to the use of pale or transparent semicon- 
ductor materials as drying or curing additive of surface-coating systems 
and printing inks. 

Many materials are nowadays surface-coated or printed. This enables 
properties, such as the colour and also the resistance of materials, to be 
improved. The sometimes long drying times and the high temperature 
during drying are disadvantageous. In the case of automobile painting, 
relatively high long drying lines are necessary in order to ensure that the 
paint has dried before the next paint layer is applied. If the drying time 
could be shortened, the energy requirement and the length of these drying 
lines could be reduced, which would be associated with significantly lower 
production costs. 

The object of the present invention is therefore to find a process for accel- 
erating the curing of surface coatings and printing inks which can at the 
same time be carried out in a simple manner. The curing accelerators 
should at the same time be easy to incorporate into the surface-coating 
system or into the printing ink, have high transparency and only be 
employed in low concentrations. 

Surprisingly, it has now been found that the curing and/or drying of sur- 
face-coating layers and printing inks can be accelerated by adding finely 
divided pale or transparent semiconductor materials to the surface coating 
or printing ink in small amounts. The addition of this curing accelerator has 
only an insignificant effect, or none at all, on the properties of the surface 
coating and printing ink. 

The curing accelerator furthermore influences the thermal conductivity in 
the surface coating or in the printing inks. Investigations have shown that 
the distribution of heat in the surface coating or printing ink is significantly 
improved. 
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The invention relates to the use of particulate semiconductor materials or 
particulate substrates coated with pale or transparent semiconductor 
materials for the curing and/or drying of surface coatings and printing inks. 

The invention furthermore relates to formulations, in particular surface 
coatings and printing inks, which comprise the semiconductor materials as 
curing accelerator or drying accelerator and/or for increasing the thermal 
conductivity. 

Suitable pale or transparent semiconductor materials are preferably those 
which absorb in the IR region. The particulate semiconductor materials are 
preferably spherical, needle-shaped or flake-form particles or flake-form, 
spherical or needle-shaped substrates coated with semiconductor materi- 
als. 

The semiconductor materials are built up homogeneously from pale or 
transparent semiconductor materials or applied as coating to a particulate 
substrate. The semiconductor materials are preferably based on oxides 
and/or sulfides, such as, for example, indium oxide, antimony oxide, tin 
oxide, zinc oxide, zinc sulfide, tin sulfide or mixtures thereof. 

Suitable semiconductor materials generally have particle sizes of 0.01 to 
2000 pm, preferably of 0.1 to 100 |jm, in particular of 0.5 to 30 pm. 

The semiconductor materials either consist homogeneously of the said 
semiconductors or are particulate, preferably spherical, needle-shaped or 
flake-form, substrates which have one or more coatings of the said semi- 
conductor materials. The substrates are preferably covered by only one 
layer. 

The substrates may be spherical, flake-form or needle-shaped. The shape 
of the particles is not crucial per se. In general, the particles have a 
diameter of 0.01 -2000 pm, particularly of 5-300 pm and in particular of 
5-60 pm. The particularly preferred substrates are spherical and fiake-form 
substrates. Suitable flake-form substrates have a thickness of between 
0.02 and 5 pm, in particular between 0.1 and 4.5 pm. The extension in the 
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other two ranges is generally between 0.1 and 1000 pm, preferably 
between 1 and 500 pm, and in particular between 1 and 60 pm. 

The substrates are preferably natural or synthetic mica flakes, Si0 2 flakes, 
Al 2 0 3 flakes, glass flakes, aluminium flakes, BiOCI flakes, Si0 2 spheres, 
glass spheres, hollow glass spheres, Ti0 2 spheres, polymer spheres, for 
example made from polystyrene or polyamide, or Ti0 2 needles or mixtures 
of the said substrates. 

The coating of the particulate substrates with the semiconductor materials 
is either known or can be carried out by processes known to the person 
skilled in the art. The substrates are preferably coated by hydrolysis of the 
corresponding metal salts, such as, for example, metal chlorides or metal 
sulfates, metal alkoxides or carboxylic acid salts in aqueous or conven- 
tional solvent solution. 



In the semiconductors having a homogeneous structure and also in the 
substrates coated with one or more semiconductor materials, the semi- 
conductor material preferably has a microcrystalline structure. 

20 

Particularly preferred drying and/or curing accelerators are flake-form or 
spherical tin oxide, antimony oxide, indium-tin oxide (ITO) and mica flakes 
coated with ITO, tin oxide or antimony oxide, and mixtures of the said 
oxides. 

25 

Particularly preferred drying and/or curing accelerators are transparent or 
pale semiconductor materials having a powder resistance of < 20 Q - m, 
preferably of < 5 Q • m. 

30 

A particularly preferred curing accelerator is a tin oxide doped with anti- 
mony oxide or a substrate coated therewith, such as, for example, a mica 
flake. Preference is furthermore given to spherical Si0 2 particles coated 
with antimony oxide-doped tin oxide. 



35 



WO 2004/003070 



-4- 



PCT/EP2003/007796 



Besides antimony, preferably antimony oxide, suitable dopants are the 
elements of main group 3, 5 and 7, preferably the halides, in particular 
chlorides and fluorides. 

The doping is dependent on the semiconductor material employed and is 
generally 0.01 -30% by weight, preferably 2-25% by weight, in particular 
5-16% by weight, based on the semiconductor material. 

Furthermore, it is also possible to employ mixtures of curing accelerators, 
with no limits being set on the mixing ratio. 

Preferred mixtures are indium-tin oxides with antimony-doped tin oxides 
and indium-tin oxide with doped zinc oxides. 

It is also possible to add mixtures of two, three or more semiconductor 
materials to the surface-coating system or printing ink. The total concen- 
tration is dependent on the surface-coating or printing-ink composition, but 
should not be greater than 35% by weight in the application system. 

The curing and/or drying accelerator(s) is (are) preferably added to the 
surface-coating system or printing ink in amounts of 0.01-30% by weight, 
in particular of 0.1-5% by weight, particularly preferably in amounts of 0.5- 
4% by weight. 

Before application to an article, the curing accelerator is stirred into the 
surface coating or printing ink. This is preferably carried out using a high- 
speed stirrer or, in the case of difficult-to-disperse, mechanically insensi- 
tive curing accelerators, through the use of, for example, a bead mill or a 
shaking machine. Other dispersion units known to the person skilled in the 
art are also possible. Finally, the surface coating or printing ink is physi- 
cally dried in air or cured by oxidation, condensation, thermally, preferably 
using IR irradiation. 

The curing and/or drying accelerator generally shortens the curing and/or 
drying times of the surface-coating layer or printing ink to about 10-60% of 
the original drying time. In particular in the case of printing inks and sur- 
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face-coating systems which cure or dry by means of IR radiation, signifi- 
cantly shortened drying times are observed. 

Surprisingly, it has furthermore been found that the acceleration of the 
curing also has a highly positive effect on surface-coating layers lying on 
top. Furthermore, the thermal conductivity within the surface-coating layers 
is improved. 

The invention furthermore relates to printing inks and surface-coating 
systems which comprise the semiconductor materials as drying and/or 
curing accelerators. The suitable surface-coating systems include, in par- 
ticular, thermally curing solvent- or water-based surface coatings, IR 
coatings, powder coatings, melt coatings, but also film application and 
plastic welding, as well as solvent-containing or aqueous printing inks for 
all common types of printing, such as, for example, gravure printing, flexo- 
graphic printing, letterpress printing, textile printing, offset printing, screen 
printing, security printing. The surface coatings and printing inks can be 
either white, coloured or transparent. 

The following examples are intended to explain the invention in greater 
detail, but without limiting it. 

Examples 

Example 1a (Comparison) 

10% by weight of Kronos 2310 Ti0 2 (Ti0 2 pigment having a particle size of 
about 300 nm), calculated on the basis of the varnish formulation, are 
incorporated into a physically drying commercially available polyester/ 
acrylate varnish by dispersal with zirconium dioxide spheres (diameter 
3 mm). The dispersal is carried out in a Dispermat at a peripheral speed of 
12.6 m/s, 1 hour at20°C. 
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Example 1 b 

8% by weight of Kronos 2310 Ti0 2 and 2% by weight of drying additive (an 
antimony oxide-doped tin dioxide having a particle size of about 1 urn), 
calculated on the basis of the varnish formulation, are incorporated into a 
physically drying polyester/acrylate varnish analogously to Example 1a by 
dispersal with zirconium dioxide spheres. 

Example 1c: Measurement results 

Varnish samples from Example 1a and 1b are knife-coated wet at a layer 
thickness of 200 urn onto Q panels. The dry layer thickness is 25 ± 2 urn. 

The varnished samples from Example 1a and Example 1b are evaporated 
off for 5 min and exposed to irradiation with IR radiators having a total 
power of 3 kW from a distance of 50 cm. The irradiation duration is varied 
between 5, 10 and 15 min here. The drying/curing is controlled using a 
Fischerscope microhardness instrument at room temperature immediately 
after the IR irradiation using a diamond indenter and a final force of 3 mN. 
Each measurement is carried out three times, and the mean of the individ- 
ual measurement results is formed. 

The measurement results of the microcurings after different duration of the 
IR irradiation of the varnish samples are indicated numerically in Table 1 



Table 1: 



IR irradiation duration 


Microhardness/varnish 


Microhardness/varnish 


min 


without additive 


with additive 




N/mm 2 


N/mm 2 


5 


24.0 ± 1.2 


34.0 ± 5.8 


10 


31.6 ± 1.6 


37.0 ±2.6 


15 


32.2 ± 0.6 


37.2 ± 2.4 



It is clearly evident from the microhardness measurements that the addi- 
tion of the drying additive accelerates the drying/curing of the physically 
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drying varnish. After the varnish sample containing the drying additive has 
been subjected to IR irradiation for only 5 minutes, the hardness value is 
greater than that for the varnish sample without additive after IR irradiation 
for 15 minutes. The addition of the drying additive both significantly short- 
ens the time to the dust-dry state and also improves complete curing of the 
physically drying varnish. 
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